The strain difference in the toxicity of cadmium (Cd) was examined in male rats. All rats of the WistarImamichi (Wistar-IM) strain survived for 7 days after treatment with Cd at a dose of 5.0 mg/kg body weight, whereas 80% of the Wistar strain and 100% of the Sprague-Dawley and Fischer strains died. These results indicate that the Wistar-IM strain has strong resistance to Cd. Furthermore, the metallothionein (MT) contents of the liver, kidney and testis of Wistar-IM rats were compared with those of Fischer rats. The strain difference in the toxicity of Cd in rats did not appear to result from a difference in MT content, although further study is necessary to elucidate the role of MT.
INTRODUCTION
Cadmium (Cd) is an important environmental pollutant. Acute and chronic exposures to Cd can result in damage to a variety of tissues such as the liver, kidney and testis. 1, 2) The testis is the tissue most sensitive to Cd, and acute exposure there causes a rapid hemorrhagic necrosis. [3] [4] [5] Interestingly, strain differences in Cd toxicity have been found in mice. Several mouse strains have been shown to be resistant to Cd-induced testicular necrosis. 4, 6) Chellman et al. 7) and King et al. 8, 9) observed a greater accumulation of Cd in the testis of sensitive than resistant mice. This is due to a strain difference in the specificity of Cd transport mechanisms. Acute Cd toxicity is also manifested in the liver and kidney of mice, again with a difference among strains. 10) In rats, information on strain differences in Cd toxicity has been limited. Cd is a potent cell poison known to cause oxidative stress by increasing lipid peroxidation and by changing intracellular glutathione levels. [11] [12] [13] Rats exhibit a strain difference in hepatocellular oxidative stress mediated by a hepatotoxicant 1,2-dichlorobenzene. 12) A difference also exists in the hepatic antioxidant status between the Wistar-Kyoto and SD rat strains. 13) Furthermore, differential effects of progesterone pretreatment on Cd toxicity are observed between male Fischer and Wistar rats. 14) Thus, it is of interest to examine in detail the strain difference of Cd toxicity in rats. In the present study, we found that the Wistar-Imamichi (Wistar-IM) strain, derived from the Wistar strain, exhibits strong resistance to the lethal toxicity of Cd compared to other rat strains. Since the inducible Cd-binding protein metallothionein (MT) is often essential to Cd resistance, its concentrations in the liver, kidney and testis were also examined.
MATERIALS AND METHODS
Materials ---Cadmium chloride (CdCl 2 ) was purchased from Sigma (St. Louis, MO, U.S.A.). All other chemicals were of reagent grade. Animals and Treatment ---Male Fischer, Sprague-Dawley (SD) and Wistar rats at 8 weeks of age were purchased from Japan SLC (Shizuoka, Japan). Male Wistar-Imamichi (Wistar-IM) rats at 8 weeks of age were obtained from the Imamichi Institute for Animal Reproduction (Ibaraki, Japan). All animal experiments were undertaken in compliance with the guideline principles and procedures of Kumamoto University for the care and use of laboratory animals. CdCl 2 dissolved in 0.5 ml of saline solution was subcutaneously injected into the animals at a dose of 5.0 mg of Cd/kg of body weight. The animals were raised under controlled lighting, temperature and humidity for 7 days after Cd treatment. They had free access to a diet of standard laboratory chow and water. The survival rate (%) for 7 days was examined. Measurement of MT ---The amount of MT in the liver, kidney and testis of the animals before and 24 hr after treatment with Cd at a dose of 2.0 mg/kg body weight was measured according to the method of Naganuma et al. 15) *To whom correspondence should be addressed: Faculty of Pharmaceutical Sciences, Kumamoto University, 5-1 Oe-honmachi, Kumamoto 862-0973, Japan. Tel.: +81-96-371-4151; E-mail: yorishig@gpo.kumamoto-u.ac.jp Statistical Analysis ---Data were analyzed using Student's t-test and p < 0.05 was considered to be significant. Figure 1 shows the strain difference in the toxicity of Cd in male rats. All rats of the Wistar-IM strain survived for 7 days after treatment with Cd at a dose of 5.0 mg/kg body weight, whereas 80% of the Wistar strain and 100% of the SD and Fischer strains died.
RESULTS

Strain Difference in Toxicity of Cd in Male Rats
Hepatic, Renal and Testicular MT Concentrations in Male Wistar-IM and Fischer Rats
The MT contents of the liver, kidney and testis of Wistar-IM rats were compared with those of Fischer rats. As shown in Fig. 2 , the untreated rats showed a slight but significant strain difference in hepatic and testicular MT levels. However, the increased hepatic and renal MT levels 24 hr after treatment with Cd at a dose of 2.0 mg/kg body weight were similar in Wistar-IM and Fischer rat strains, even though the testicular MT level in these two rat strains was not affected by the treatment with Cd.
DISCUSSION
The present study demonstrates that the Wistar-IM rat strain exhibits strong resistance to the toxicity of Cd compared to the Wistar, SD and Fischer strains. Even when the dose of Cd was increased from 5.0 to 6.5 or 8.0 mg/kg body weight, all rats of the Wistar-IM strain survived for 7 days after the treatment (data not shown). On the other hand, among males of the strains examined in this study, those of the Fischer strain, which is an inbred rat strain, had the highest sensitivity to Cd. Since the Wistar-IM strain is also inbred, it is useful for genetic analysis. To establish whether the strong resistance to the toxicity of Cd is genetically regulated, we are currently analyzing the inheritance pattern of Cd resistance in rats by mating the Wistar-IM strain with the Fischer strain.
MT is known to be a metal-binding protein of low molecular weight that plays an important role in cellular defense against Cd. 16) Thus, the MT contents of the liver, kidney and testis of Wistar-IM and Fischer rat strains were compared. In untreated rats, a slight but significant strain difference was observed in the hepatic and testicular levels. However, the strong resistance to Cd in the Wistar-IM rats cannot be explained on the basis of this slight difference. Furthermore, the hepatic and renal MT contents of Cd-treated Wistar-IM rats were similar to those, respectively, of Cd-treated Fischer rats. The difference of MT content is not likely to be causative of the observed strain difference of Cd resistance in rats, although further study is necessary to elucidate the role of MT. Recently, King et al. 9) reported differ-
Fig. 1. Strain Difference in Lethal Toxicity of Cd in Male Rats
The toxicity of Cd was expressed as the survival rate (%). The experiment was performed using 5 or 6 rats of each strain. ences in Cd transport to the testis, epididymis and brain between Cd-sensitive and -resistant mouse strains. The strain difference of Cd toxicity in rats may also involve difference (s) in Cd transport to the liver, kidney and/or testis.
